INTRODUCTION
============

Leprosy is a chronic infectious disease caused by *Mycobacterium leprae*, an obligate intracellular bacterium. *M. leprae*is an acid-alcohol fast bacillus, with high infectivity and low pathogenicity, that mainly infects skin macrophages and Schwann cells in the nerves, and was first observed by Norwegian physician Amauer Hansen in 1871.^[@r01],[@r02]^ Transmission is believed to occur by direct person-to-person contact between a susceptible individual and a patient with multibacillary leprosy, particularly via the airborne route.^[@r03]^ Unfavorable living conditions in the population influence the transmission of leprosy and hinder its control and elimination.^[@r04],[@r05]^

The World Health Organization (WHO) regards leprosy as a public health issue, particularly in countries where its prevalence exceeds 1:10,000 population. India and Brazil, two countries where leprosy is considered endemic by WHO, are ranked first and second respectively worldwide in terms of absolute number of cases.^[@r06]^

One of the most stigmatizing sequelae occurring after treatment of leprosy is the development of chronic neuropathic ulcers in the lower extremities (plantar aspect of the feet, heels, and legs), or *mal perforant*. The plantar region is a site of particularly high risk of ulcer development, due to the biomechanical changes and loss of protective sensation that occur in patients with leprosy. Anhidrosis caused by sweat and sebaceous gland disfunction is another aggravating factor,as it dries the skin and facilitates rupture of its protective stratum corneum. Dry, inelastic skin is conducive to development of fissures on the lower extremities, which, in turn, act as a point of entry for infectious agents, slowing the healing process and occasionally causing muscle, bone, and joint involvement.^[@r07],[@r08]^

In addition to clinical risk, which is essentially associated with secondary infections, affected patients are embarrassed by their lesions, which compounds the impairment in quality of life caused by the physical and motor consequences of leprosy.

During the wound treatment process, several factors may delay skin and tissue repair. Notable systemic factors include patient age, nutritional status, comorbid diseases, chronic medication use, smoking, stress, anxiety, and depression. Local factors that affect the healing process include the anatomical site of the wound and the presence of bacterial infection and devitalized tissues.^[@r07],[@r08]^

Patients who have been discharged from care after cure of leprosy sometimes have several such factors in combination, includingadvanced age, comorbidities (such as diabetes, hypertension, and obesity), and presence of microorganisms with certain components (capsule, fimbriae, adhesins, toxins, protein A, biofilm production) that increase their virulence, hinder the healing process, and predispose to secondary infections, such as osteomyelitis. However, studies on the microbial flora that colonizes or infects skin ulcerations in patients cured of leprosy are scarce, thus justifying the present study.

Therefore, the objective of this study was to identify the bacterial microbiota of lower extremity skin ulcers in patients cured of leprosy and assess the antimicrobial susceptibility profile of these pathogens.

MATERIALS AND METHODS
=====================

This case series was conducted between September 2007 and February 2008 with patients treated at the Outpatient Public Health Dermatology Clinic of Rio Grande do Sul (ADS) and Hospital Colônia Itapuã, both of which are referral centers for the treatment and follow-up of patients with active and cured leprosy in the Brazilian state of Rio Grande do Sul. The sample included patients treated for leprosy who presented to the aforementioned centers for treatment of chronic lower extremity skin ulcers.

The study was approved by the Rio Grande do Sul School of Public Health Research Ethics Committeewith protocol no. 319/07. Before sample collection, all patients were informed of the risks and benefits of the study and provided written informed consent for participation.

The independent variables (factors of interest) were age, sex, time since diagnosis of leprosy, and time since discharge (cure of leprosy) for patients with trophic ulcers. The dependent variables (outcomes) were bacterial isolates from lower extremity ulcers (after phenotypic and molecular identification) and antimicrobial susceptibility.

Sample collection
-----------------

Biological specimens were collected from skin lesions for bacterial culture during dressing changes, after decontamination of perilesional areas and of the ulcer bed with 0.9% saline solution and 70% rubbing alcohol. When devitalized tissue was present, it was mechanically debrided, and the wound prepared again. Material was collected from deep healthy tissues with a sterile swab and placed in Ames\'medium for transport. The specimens were sent to the Microbiology Laboratoryof the Federal University of Health Sciences of Porto Alegre (UFCSPA), where conventional methods were used for isolation and identification of any microorganisms present.

Phenotypic identification
-------------------------

The following assays were used for phenotypic identification of *Staphylococcus aureus*: Gram staining, mannitol agar growth and fermentation, and coagulase and deoxyribonuclease (DNAse) detection. Gram-negative bacteria were identified by means of Gram staining, the oxidase test, and biochemical reactions in triple sugar iron (TSI) agar, lysine iron agar (LIA), Simmons\' citrate agar, and urea agar slants, as well as motility-indole-ornithine (MIO) medium.

Antimicrobial susceptibility testing
------------------------------------

Susceptibility to antimicrobials was determined by means of the disk diffusion method, in accordance with Clinical and Laboratory Standards Institute recommendations.^[@r09]^ The disks used for testing contained the following antimicrobial agents: amikacin (30 μg), ampicillin (10 μg), aztreonam (30 μg), cefalotin (30 μg), cefepime (30 μg), ceftazidime (30 μg), cefoxitin (30 μg), ciprofloxacin (5μg), clindamycin (2μg), chloramphenicol (30μg), erythromycin (15μg), gentamicin (10μg), imipenem (10 μg), meropenem (10 μg), piperacillin-tazobactam (100 μg/10 μg), and trimethoprimsulfamethoxazole (25μg). The *S. aureus*ATCC 25923, *P. aeruginosa*ATCC 27853, and *Escherichia coli*ATCC 25922 strains were used as quality control.

Molecular characterization
--------------------------

Molecular characterization for presence of the *mec*A gene and SCC*mec*typing was performed on methicillin-resistant *S. aureus*(MRSA) isolates by means of the PCR multiplex method, following the protocol developed by Zhang et al.^[@r10]^

Data analysis
-------------

Univariate descriptive analysis was conducted so as to obtain the absolute and relative frequencies of all dependent variables, as well as patient gender.

The chi-square test was used to compare the actual and expected frequencies of distribution of bacterial isolates, with statistical significance defined by a p-value\< 0.05.

The database was compiled and stored in Microsoft Excel^®^, and all statistical analyses were carried out in SPSS 12.0 (SPSS Inc., Chicago, IL, USA).

RESULTS
=======

The study sample comprised 16 patients. Mean age was 66 years (standard deviation, 10.5 years; range, 47-86 years). Ten patients were male and six were female. The mean time elapsed since diagnosis of leprosy was 34 years (standard deviation, \~8 years). Clinical discharge due to cure of leprosy had occurred a mean of 13 years before (standard deviation, \~2 years), with a coefficient of variation of approximately 15%.

Cultures from all ulcers grew microorganisms; 80% grew Gram-negative bacillin, 63% grew Gram-positive cocci, and 36% grew a mixed microbial flora. The most common combination was *S. aureus*and *P. aeruginosa*. A wide range of bacterial species were isolated; their frequencies are shown in [table 1](#t01){ref-type="table"}. *S. aureus*was the most common species (62.5%, p\<0.05), followed by *P. aeruginosa*(43.75%) and the *Enterobacteriaceae*(68.75%).

###### 

Frequency of bacterial isolates from leprosy ulcers

  **Bacterial species**      **Frequency**   
  -------------------------- --------------- -------
  *Staphylococcus aureus*    10              62.5
  *Pseudomonas aeruginosa*   7               43.75
  *Proteus spp.*             5               31.25
  *Klebsiella spp.*          3               18.75
  *Escherichia coli*         2               12.5
  *Citrobacter freundii*     1               6.25
  *Enterococcus spp.*        1               6.25

All *S. aureus*isolates were sensitive to ciprofloxacin, gentamicin, and trimethoprim-sulfamethoxazole; 90% were sensitive to clindamycin, 80% to erythromycin, and 40% to chloramphenicol.

Among the *S. aureus*isolates, one was methicillin-resistant (MRSA). This isolate was resistant to cefoxitinand chloramphenicol, but susceptible to other, non-beta-lactam antimicrobials, including ciprofloxacin, clindamycin, erythromycin, gentamicin, and trimethoprim-sulfamethoxazole. Molecular analysis by polymerase chain reaction (PCR) included detection of the *mec*A gene and SCC*mec*typing. This *S. aureus*isolate was characterized as *mec*A-positive and carried a type IV SCC*mec*.

*Klebsiella*spp. and *Escherichia coli*isolates were sensitive to nearly all classes of antimicrobials tested. Decreased susceptibility was found only with trimethoprim-sulfamethoxazoledisks (33%). *Proteus*spp. isolates exhibited wide variation in sensitivity to the tested antimicrobials. Over 80% were sensitive to amikacin, cefepime, and ciprofloxacin. The non-fermenting Gram-negative bacillus *Pseudomonas aeruginosa*was 100% sensitive to imipenem and meropenem, followed by ceftazidime (86%) and amikacin, aztreonam, cefepime, ciprofloxacin, and piperacillintazobactam (57% each).

DISCUSSION
==========

Bacterial contamination of leprosy ulcers is a major issue, as the presence of these pathogens can contribute to slow healing and serve as a focus for secondary soft-tissue and skeletal infections. The bacterial microbiota observed in the present study was polymicrobial; the most common species was *S. aureus*, followed by *P. aeruginosa*. A similar microbiota was described by Quege et al. in their 2008 study of cured leprosy patients.^[@r11]^

*S. aureus*is recognized worldwide as a major pathogen implicated in the genesis of hospital- and community-acquired infections. Most pathogenic bacteria can infect bone, but *S. aureus*is the main etiological agent of osteomyelitis, accounting for 80-90% of cases.^[@r12],[@r13]^ A previous study demonstrated an association between staphylococcal infections and a higher rate of lower extremity amputation in patients with diabetes.^[@r14]^ A series of virulence factors (capsule, peptidoglycans, teichoic acid, adhesins, protein A, leukocidin, biofilm production) contribute to the pathogenicity of *S. aureus*, as they facilitate its successfulestablishment, development, and persistence in host tissues.^[@r15]^

Analysis revealed the presence of a MRSA isolate - thus, one resistant to beta-lactam antibiotics. Methicillin resistance is related to modification in a penicillin-binding protein (PBP) encoded by the *mec*A chromosomal gene.^[@r16],[@r17]^ This gene is carried by a mobile genetic element known as the staphylococcal chromosomal cassettes (SCC). At least six types of SCC*mec*have been well characterized: I, II, III, IV,V, and VI.^[@r18],[@r19],[@r20],[@r21]^ Types I-III are often reported in hospital-acquired clinical MRSA isolates, whereas types IV-VI are found in community-acquired MRSA.

Infections attributed to MRSA are a constant, well-known presence in the hospital setting. However, in recent years, community-acquired MRSA infection has been reported in several countries.^[@r22],[@r23],[@r24]^ Community MRSA isolates are a frequent cause of skin and soft tissue infections, such as cellulitis and abscess.^[@r25],[@r26],[@r27]^ However, they may also be implicated in severe infectious conditions, such as meningitis, pneumonia, bacteremia, and septic shock.^[@r28],[@r29],[@r30]^ Molecular analysis was consistent with presence of the *mec*A gene , contained in a clonal type IV SCC*mec*. Molecular findings also confirmed an increased antimicrobial susceptibility profile; this is attributableto the smaller cassette, which, in most cases, does not harbor other resistance-determining factors, unlike classic hospital-acquired strains.

It is unclear whether the MRSA isolate found in this study was community- or hospital-acquired. Its phenotypic antibiotic resistance profile and the presence of *SCCmec*type IV suggest community origin. However, from an epidemiological standpoint, clinical MRSA isolates are defined as community-acquired if found in samples collected from outpatients or collected within 48 hours of hospital admission. Antimicrobial therapy, recent hospitalization, recent surgical or therapeutic intervention, severe underlying illness, indwelling medical device use, and nursing home admission must be ruled out.^[@r31],[@r32]^ Under these epidemiological criteria, the MRSA isolate reported herein could not be considered community-acquired, as it was obtained from a patient with severe chronic illness and subject to constant therapeutic interventions.

*Pseudomonas aeruginosa*, the second most commonly isolated pathogen, also has a broad armamentarium of virulence factors, including structural components, toxins, and enzymes that facilitate infection and tissue invasion and can potentiate tissue necrosis. The nutritional requirements of *P. aeruginosa*for survival are minimal,it tolerates a wide temperature range, and is resistantto many antibiotics and disinfectants.^[@r33]^ Analysis of the antimicrobial susceptibility profile of these isolates revealed 100% sensitivity only to the carbapenem antibiotics (imipenem and meropenem). The presence of multidrug-resistant bacteria in these lesions could be a result of (particularly topical) antimicrobial use. This highlights the importance of performing culture and sensitivity testing to establish effective therapy, as antimicrobial susceptibility variessubstantially within the same species.

CONCLUSION
==========

Bacteriological analysis of skin ulcerations is not routinely performed in patients with leprosy, as conventional wisdom holds that these wounds are infected or colonized by a range of microorganisms as a matter of course. However, the bacterial species isolated in this study highlight the importance of culture and sensitivity testing in determining the actual microbiota present and establishing proper therapeutic guidance. The information provided by microbial cultures makes it possible for appropriate measures to be implemented for the control of emerging pathogens, such as MRSA carrying SCC*mec*type IV.
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